Hyperbaric Oxygen Therapy in Anaerobic Infections: Gas Gangrene Gas gangrene is a devastating but rare disease. It seems likely that its incidence is somewhat less than 1 per million population per year in Western Europe. From the patients admitted to the Whipps Cross Regional Hyperbaric Oxygen Unit in the ten years 1964-74 it appears to -have a seasonal distribution, with a greater number of cases occurring in the winter months (Table 1) . It is interesting to speculate whether this seasonal distribution is due to a fall in resistance to infection in the colder months; or to a change in bowel flora of clostridia, perhaps influenced by a lower intake of fresh fruit and vegetables and a consequent change in vitamin C levels; or perhaps to an increased incidence of peripheral vascular disease in the older age group. Whatever the cause, it is an odd and interesting finding.
The term 'gas gangrene' covers mild to severe infections with either clostridial or nonclostridial gas-forming organisms, although in individual patients gas formation can vary from little or none (or at least not overt) to very extensive. Classically 'gas gangrene' implies a true myonecrosis with extensive gas formation, although in its wider sense it can vary from a superficial local infection, through cellulitis and fasciitis, to a fully developed myonecrosis. It is often difficult to distinguish on initial clinical examination between clostridial and nonclostridial infections, and only the bacteriologist can provide the answer. Anaerobic organisms cannot grow or reproduce in the presence of oxygen, and their activity is further inhibited in the presence of oxygen at increased ambient pressure. Additionally, Clostridium welchii cannot produce its hemolysing alpha-toxin in the presence of increased partial pressures of oxygen, so these factors provide the rationale for the treatment of gas gangrene with hyperbaric oxygen. I cannot give a detailed discussion of physiological responses here so I will describe how we deal with a patient with gas gangrene following admission to the Whipps Cross Unit. The equipment we use for hyperbaric oxygen therapy is the single-person Vickers hyperbaric oxygen chamber first described by Emery et al. (1960) , and we use a pressure of oxygen of 2i atm absolute (252.5 kPa) in treatment cycles of 1-2 hours. This treatment regime, arrived at somewhat arbitrarily at first, has proved satisfactory in practice and avoids the increased risk of convulsion from neurological oxygen toxicity if pressures of 3 atm (303 kPa) or more are used.
Management
A patient with gas gangrene is admitted directly to the UJnit and isolated. Barrier nursing techniques are immediately adopted. No further patients are admitted. A general assessment of his condition is made in conjunction with the surgeon on duty and a chest X-ray is taken to exclude lung cysts or other pulmonary pathology which could give trouble with changes in ambient pressure.
On admission the following investigations are instituted immediately: hemoglobin, PCV, ESR and WBC; blood group and cross-match; electrolyte and urea estimation; acid-base status; haptoglobin estimation (diminished or absent in presence of hmmolysis); SGOT and SCPK as indicators of the extent of muscle destruction; X-ray for gas in tissues; blood cultures, anaerobic and aerobic; wound swab cultures, anaerobic and aerobic; nasal swab; clean specimen of urine for culture, casts, albumin and RBC; stool culture for typing of clostridia, if any.
To reduce the danger of cross-infection all dressings are burnt as soon as possible, after being placed in sealed plastic bags. Instruments are soaked in Neo-Daine, a specific bactericidal washing surfactant, and autoclaved as soon as possible.
An accurate fluid intake and output chart is maintained, since about 40% of patients develop renal failure, so a close watch is kept for the onset of this. The bacteriology department is informed of the admission of the patient.
Once these initial procedures have been completed and after any urgent resuscitative measures have been initiated, the patient is given intravenous penicillin 2 Mu 4-6-hourly and intravenous ampicillin 0.5-1 g 6-hourly; we do not use anti-gas-gangrene serum. A first hyperbaric oxygen (HBO) treatment is given for 1.1--2 hours, following which limited surgical debridement of obviously nonviable tissue is carried out. There is often a detectable improvement in the patient's general condition following the first HBO treatment, and when this occurs it usually indicates that the infection is mainly clostridial (Slack et al. 1969) . The response to HBO is not so marked in patients with nonclostridial infections and, although the anaerobic streptococcus is implicated in most of these, other gas-forming aerobic pathogens such as E. coli or klebsiella may be the dominant organisms in these often mixed infections.
In severe clostridial infections, renal failure. may occur (it must always be watched for), and in some instances peritoneal or hmmodialysis is necessary. In the following days, general supportive therapy and intravenous antibiotic therapy are continued, combined with twice daily 1i-2 hour treatment sessions in the HBO chamber. When the patient's recovery is established, more definitive surgery is carried out as required.
Results
In broad terms, nonclostridial infections often show little or no response to HBO therapy. Patients with early clostridial gas gangrene of limbs respond to HBO treatment better than those with late infection or extensive involvement of the trunk where early extensive debridement in conjunction with antibiotics and HBO seems to carry the best chance of survival.
There is an increased incidence of diabetes in patients with clostridial infections (Darke et al. 1976a (Darke et al. , 1976b 
Prophylactic Antibiotics in Bowel Surgery
In patients undergoing operations on the bowel it has been shown that under certain circumstances prophylactic antibiotics may prevent or modify the complications of wound infection and septicemia. However, there are factors other than antibiotics which profoundly influence the risk of postoperative sepsis. In the past too little emphasis has been placed on influences such as the degree of surgical skill in constructing an anastomosis or the presence of residual fmces in resected colon after mechanical preparation, possibly because it is very difficult to make objective assessment of these variables. For many years surgeons have tended to put their trust in the traditional routine of five days' mechanical bowel preparation combined with the administration of nonabsorbable chemotherapeutic agents or antibiotics such as phthalylsulphathiazole or neomycin. There are conflicting reports of the efficacy of prophylactic oral antimicrobial regimens and also of the value of systemic or topically applied antibiotics.
The results of clinical trials are confusing because of difficulties posed by the standardization of the many factors involved and in matching patients and operations. Often insufficient attention has been paid to the age of the patients, the degree and type of contamination during operation, biochemical considerations such as hypoalbuminemia or diabetes, or the duration of operation and the degree of surgical competence. Nevertheless, the hopeful use of prophylactic, antimicrobial agents appeals to most surgeons who seek to reduce their (usually underestimated) incidence of postoperative septic complications.
In recent years attention has been focused on the importance of the anaerobic flora of the large bowel (Nichols et al. 1971) , in particular on the bacteroides species, which outnumber the aerobic organisms by several thousand times. These fastidious anaerobic organisms were once thought not to be pathogenic; however, refined laboratory techniques have shown beyond doubt not only that they are present in many infected wounds following operations on the large bowel but also that they may be responsible for severe and even fatal septicemia. Traditional nonabsorbable oral antimicrobial drugs have very little effect in reducing the number of anaerobic organisms in the colon. The principal reason for the indifferent results of the early antibiotic trials may have been failure to recognize the importance and pathogenicity of bacteroides species, organisms which can nevertheless be reduced by effective prophylaxis.
In a prospective controlled trial in our Unit (Keighley et al. 1976 ) we studied the incidence of postoperative wound sepsis and septicxmia in patients undergoing elective bowel surgery; 33 patients received systemic lincomycin for five days (lincomycin being very effective against bacteroides species) and 29 patients in a control group received no antibiotics. There was no difference in the incidence of sepsis due to aerobic micro-organisms but a marked difference was noted in the incidence of anaerobic infec-
